We describe a new design for a microscope-based static light scattering instrument that provides simultaneous high-resolution images and static light scattering data. By correlating real space images with scattering patterns, we can interpret measurements from heterogeneous samples, which we illustrate using biological tissue.
Static light scattering (SLS) is a well-established technique for determining size, shape
and structure by measuring the intensity, I(q), as a function of the scattering wave vector, q. In some cases, when there is independent information about the sample, the interpretation of I(q) is straightforward; however, when little is known about the sample, the analysis can be more difficult. Measurement of I(q) provides an ensemble average over the entire illumination volume, making the interpretation of scattering from highly heterogeneous samples particularly challenging. To facilitate the interpretation of SLS in these more complex systems, we have designed a microscope-based light scattering instrument that allows us to illuminate selectively a volume of interest while independently imaging the probed regions. Unlike several prior implementations, 1-4 our design combines simultaneous high-resolution imaging with light scattering from well-defined volumes at well-defined wave vectors, allowing controlled placement of the illuminating beam, and correlation of scattering with visualized structures. With this instrument, we probe the details of heterogeneous materials such as biological tissues.
Our design is based on a commercial inverted microscope (Leica DM-IRBE) and is shown schematically in Fig. 1 . Illumination is from an Ar Finally, to reduce the effects of small angle flare, the signal obtained by scattering from a solvent-filled sample chamber is corrected as above and subtracted from the corrected image obtained from the sample for every measurement; in the case of the tissue samples, an empty sample chamber is used.
To experimentally test the apparatus, we measure ( ) I q for a dilute suspension of 2.0 µm diameter latex spheres (Interfacial Dynamics Corporation) in water. In the dilute limit, the measured ( ) ( ) I q F q ∼ , where ( ) F q is the form factor of a single sphere. As shown in Fig. 2; the results compare quite well to the predictions of Mie Scattering Theory, 7 as shown by the solid line. At large wave vectors, however, optical aberrations prevent the formation of a clear image, precluding determination of the fine details in the form factor. This is a purely optical effect that can be corrected by a more sophisticated system of relay optics. This instrument's strength is its ability to facilitate local light scattering measurements on heterogeneous samples. This is particularly important for biological materials that include many small structures with a wide range of shapes and orientations. To illustrate this, we measure the scattering from thin slices of porcine skin tissue, 8 where the microscopic origins of light scattering are poorly understood. The nature of light propagation through tissue has important implications for medical applications such as laser surgery, optical biopsy, photodynamic therapy and laser treatment dosimetry. 9-11 While considerable effort has focused on measuring average absorption and scattering coefficients, 12,13 little attention has been given to the effects of small yet abundant heterogeneities on bulk scattering properties in tissue.
We use a cryo-microtome to slice porcine skin tissue into approximately 20 µm thick slices, with total surface area of typically 1cm 2 , and set the laser beam diameter to 70-100 µm.
We find that in the dermis, where individual cells are separated by large regions of extracellular matrix, large-scale structural heterogeneities, such as acellular voids, hairs or hair follicles, and pigments can cause dramatic changes to the scattering patterns. In Fig. 3 
